Diarrheal diseases are a global public health burden, killing 1.8 million people annually. Diarrhea disproportionately affects children and those in poverty. Most diarrheal cases can be prevented through safe drinking water, basic hygiene and/or sanitation measures, with drinking water interventions having the most impact on reducing diarrheal disease. There is no generally agreedupon field method for determining biosand water filter effectiveness that is usable in low-resource communities. A pilot study was conducted of potential field use indicators, including the Colilert coliform presence/absence (P/A) test, hydrogen sulfide, alkalinity, hardness, pH, and fluorescently labeled latex microspheres. The study included both laboratory and field testing. The Colilert P/A test had the highest correlation to the United States Environmental Protection Agency standard method (IDEXX Quanti-trays), but more data are needed before making a recommendation. This study adds to understanding about evaluation of biosand water filters and provides preliminary data to address the need for a field use indicator for biosand water filters. 
BSF life span is shown to vary widely, ranging from under a year to over 12 years (Sisson et al. ) . Therefore, it is necessary to test the filters over time to determine if they are working effectively. However, in rural developing communities where BSFs are often used, it is often not feasible to use standard laboratory testing due to limitations in electricity, transportation times, and funding. Currently, studies do not point to an agreed-upon field method for testing (O'Connell et al. a) .
Study community
Cyegera is a small community in Southern Province, Rwanda. Diarrhea causes 17% of total deaths in Rwanda in children under five. Health data specific to the community of Cyegera are not available other than through personal communication with local authorities.
Study aim
The specific aim of this study was to carry out a pilot laboratory trial and a field trial in Cyegera of selected potential field use indicators of biosand water filters and to obtain data for further study.
METHODS

Laboratory testing of field use indicators
To address the gap in the literature of evidence-based methods usable in a remote field setting to determine whether a BSF is functioning, a pilot study was conducted 
Study design
Laboratory evaluation of the FUIs occurred using nine BSFs constructed during August and September 2014 at ETSU.
The filters were segregated into three groups: four filters receiving microspheres in the first influent (group A), four filters not receiving microspheres (group B), and one control (C). Group A and group B were established to delineate whether the microspheres affected filter operation or parameter measurement because they were being poured directly into the BSFs. The control BSF was used to detect any environmental fluctuations influencing the testing. Unamended tap water was used for the control. Escherichia coli was added to the influent so that there was a known contaminant for testing.
The E. coli was isolated from an environmental sample and tests were done to ensure that it was not of the O157:H7 serotype. The sample was initially cultured on Eosin Methylene Blue (EMB) agar plates, and then transferred to slants of Tryptic Soy agar. To prepare E. coli for addition to the influent, 300 mL of Tryptic soy broth was inoculated with a single loop of E. coli and incubated at 35 C for 18 hours. This broth was divided into 100 mL increments and centrifuged for 10 minutes at 800 RCF (relative centrifugal force),
producing an E. coli 'pellet' at the base of each centrifuge container, above which the broth was removed. Two mL of phosphate-buffered saline (PBS) was then added, the mixture vortexed, and this solution was transposed for influent seeding.
Subsequently, 2,000 mL samples were collected from each filter, and 200 mLs of each sample was taken for the Colilert Quanti-tray test and for the microspheres. The
Quanti-tray was conducted according to the manufacturer's procedures.
Field trial of field use indicators
Researchers traveled to Cyegera, Rwanda, during 4-30 June 2015 to test the FUIs under real-world conditions. It was a cross-sectional study intended for future scale-up and repetition to become a longitudinal study. ETSU and University of Rwanda Internal Review Boards and the Rwanda National Ethics Committee did not require the FUI data collection procedures to be reviewed because it was not considered human subjects' research.
BSF installation
For the field trial, eight new BSFs constructed by the Rwandese Health and Environment Project Initiative (RHEPI)
were installed in homes throughout the village near water sources, and two existing BSFs in the children's home were re-installed. The project was financed through an ETSU Research Development Committee Major Grant.
The process of BSF installation was described using IBM-WASH psychosocial and technological factors at all levels (Dreibelbis et al. ). The BSFs were intended for community access due to budget constraints, but were installed in individual homes so that there was a sense of individual responsibility for maintenance and reporting of any problems.
Sample collection and FUI procedures
Water samples were collected from each filter at installation and on 27 June 2015. It was intended that the second set of samples would be taken 2 weeks after installation to allow the biolayer to form; however, samples were tested slightly
earlier. This was due to schedule delays in installing new
BSFs and time troubleshooting the older BSFs. Further, the FUIs needed 48 hours to process. Samples were collected and tested from the four community water sources on 22 June 2015. FUI procedures from laboratory testing were followed in the field with one exception -the Colilert P/A test was read every 6 hours instead of 12 due to possible ambient air temperature differences.
In July 2017, 2 years after installation, the BSFs were visited again. One had been destroyed in an accident in which it was tipped over. Another had been discontinued due to the owner moving away. New residents of the house where the filter was not in use were educated and said they were eager to utilize it. Samples from these filters were taken on 24 and 26 July 2017, and tested with Colilert P/A.
In May 2018, follow-up revealed that filters installed in 2015 were all in use. One had a rusty diffuser plate, which was replaced. Water from existing filters and sources was sampled on 1 June 2018. Samples were tested with Colilert P/A.
Data analysis
Laboratory data and field data were entered into Microsoft
Excel spreadsheets. The method detection limit as provided by the manufacturers was used when results were below the detection limit (IDEXX Colilert Quanti-tray -one organism per 100 mL, Colilert P/A test -two heterotrophs per 
RESULTS
Laboratory evaluation
The microbeads that were put into the first influent were never seen in effluent samples collected. Because no difference was indicated in the filter group with microbeads, results from filter groups A and B were combined for analysis. Negative values for the Colilert P/A at 12 or 24 hours prevented correlation analysis for these time periods.
Pearson's R correlation is provided in Table 1 
Field trial results
In the field trial, none of the samples collected changed In 2018, samples from the existing BSFs and source waters were tested using Colilert P/A. All water before filtration resulted in positive readings at 24 hours. Two samples after filtration also tested positive at 24 hours.
One of these was from the filter that had a rusted diffuser plate which was replaced. The other positive sample was from a filter, which was resampled, yielding a negative result through 48 hours of incubation. The other six samples from BSFs were negative at 24 hours but positive at 36
hours. An important difference between sampling events in 2017 and in 2018 is season. In May 2018, the rainy season was still underway, likely impacting contamination levels of source waters. Hach hardness (log) À0.014
Hach alkalinity (square root) À0.075
Hach hydrogen sulfide (square root) 0.151 
LIMITATIONS
Important limitations included failure to collect and test multiple samples per filter on testing days for purposes of 
